ABSTRACT
INTRODUCTION
Center for Accelerator Science and Technology (PSTA)-BATAN by means of DIPA (List of Budget Implementation) program and INSINAS (Research Incentive of National Innovation System) has successfully processed zircon concentrate into several superior products of zircon mineral based. Such excellent products, as Zr-opacifier, ZrOCl2 (ZOC) and ZrO2 (zirconia) [1] One of the implementations of the Regulation of the Minister of Energy and Mineral Resources No. 51 of 2017 about the Increase of Mineral Added Value through Mineral Processing and Purification Activity, PSTA-BATAN has contributed in making prototype of ZOC products from the raw material of local zircon concentrate (Kalimantan) [1] . As a follow up of the implementation of Minister Regulation (Permen ESDM) No. 5 of 2017, the author made an effort to enhance the added value of ZOC to become new materials of ZrO2-montmorillonite. Montmorillonite mineral is widely found in some areas such as in Gunung Kidul district and it could be obtained by importing from Thailand with a cheaper price [2] The quality of pillarization is urgently understood in the application of ZrO2-montmorillonite as an adsorbent, catalyst and semiconductor materials so that it is very interesting as the research topic for being conducted. The new material ZrO2-montmorillonite is widely used in catalysts for several organic processes, especially oil refining (hydrotreating, hydrocracking, and catalytic), and has been widely synthesized by some authors using ZOC made in some industrial products.
Mnasri's research [3] that synthesized zirconiapillared bentonite using Merck-made ZOC. Then Watimah has performed a synthesis of zirconia-pillared along with her derivatives also using ZOC made by Merck [4] [5] [6] [7] [8] . Furthermore, Utubira [9] has synthesized zirconia-pillared bentonite using ZOC product of E Merck, but Bahranowski [10] synthesized [Ti, Zr] -pillared montmorillonite used products from Fluka Switzerland. Another study conducted by Suseno [11] has also synthesized Zirconia pillared bentonite using ZOC Merck-product, while Chaabene [12] used Sigma-Aldrich Chemistry products. In this work, we used ZOC local product of PSTA synthesized from the zircon sand of Kalimantan. The synthesis of ZOC was carried out in the fluidized bed reactor by using chlorine gas and carbon at 1100 °C. The product of ZrCl4 obtained was hydrolyzed to form ZOC [13] [14] .
In this research characterization and identification of ZrO2-montmorillonite material made in PSTA-BATAN have been performed. The concentration of Zr interrays entering the montmorillonite interlayer was followed by UV-Vis DRS spectroscopy and XRD [15] [16] . The functional groups were performed with FTIR spectrophotometry while the porous distribution was observed by the BET method [17] [18] .
EXPERIMENTAL SECTION

Materials
In this research Na-montmorillonite type from Thailand was used, ethylene glycol pa, glycerol pa, each of which were made by E-Merck. Two types of intercalate solutions each of which from local ZrOCl2.8H2O (ZOC) (made of PSTA-BATAN) [13] were dissolved into 100 mL deionized water such that there were two series with concentrations of 0.1 , 0.2, and 0.5 M Zr and were added by ethylene glycol pa, 50 mL of glycerol pa stirred for 3-4 h and left overnight.
Instrumentation
Diffuse
Reflectance Ultraviolet-Visible spectroscopy (UV-Vis DRS) ISR-2600Plus type and Fourier Transform Infrared spectroscopy (FTIR) IRTracer-100 type each of which are made by Shimadzu. A set of X-ray diffraction (XRD)-6000, Surface area analyzer Nova1000 and Transmission Electron Microscopy (TEM).
Procedure
Pillarization
One hundred gram (200 mesh) of Namontmorillonite was weighed and put in a series of two beaker glass. Each series of which was added by two kinds of 500 mL intercalate solution, stirred and refluxed for 24 h [12] . The washing product was filtered, and washed with aquadest for several times on each intercalation product of 50 mL. The filtered products were divided into two parts, the first part for drying process with furnace at 105 °C for 5 h. While the second part was allowed to cool at room temperature till dry. Both types of drying products were calcined with variation of temperature, the calcination product was then called as the adsorbent material. Each of the calcination product was analyzed its functional groups properties with UV-Vis DRS, FTIR, BET, XRD and TEM instruments.
RESULT AND DISCUSSION
The entry of zirconium ions in the interlayer position of montmorillonite could be followed by the change of absorbance in the UV region of the DRS spectra or intensity of XRD. According to Vance [15] the intercalation concentration would be equivalent to the peak produced by DRS or XRD [11] . In Fig. 1 we can see the change of peak ZrO2-montmorillonite image as a function of concentration.
From Fig. 1 , it can be shown that the XRD and DRS image of ZrO2-montmorillonite as a function of Zr concentration. It turns out that the greater concentration of Zr will result in an increase in absorbance or intensity of 2θ significantly, but at a concentration of 0.5 M the absorbance or at intensity 2θ of XRD decreased. This was likely the occurrence of re-desorption Zr into the liquid phase due to the swelling process was too big. This was in accordance with Chaabene statement [12] , that excessive swelling process will cause the intercalant desorption to be greater. From Fig. 1 , the concentration of 0.1-0.2 M Zr as the intercalant has been optimum.
The main disturbance to intercalation techniques using Zr 4+ ion intercalant was the formation of aquo Zr- The aquo complex was a polymer and has a large molecular weight. So to break it, the aquo complex must be prevented by the addition of a hydrophilic organic compound and often called a precursor. The compound of aquo Zr-tetramer complex [Zr4(OH)14(H2O)10] 2+ will break into Zr 4+ ions when it was added by an hydrophilic organic compounds or heated above the temperature of 80 °C [12] .
In Fig. 2 is shown DRS peak image as a function of two types of warm and cold state precursors (room temperature) [11] .
In Fig. 2 , it could be shown the image of DRS on the intercalation quality of the ZrO2-montmorillonite expressed as the increase in absorbance. It was proven that the absorbancy of the two precursors allowed to be at room temperature (cold) will have a higher absorbancy value than that of the precursor which was being heated (hot). It is possible at high temperature not only break down Zr-tetramer complex [Zr4(OH)14(H2O)10] 2+ but also damage the montmorillonite interlayer lattice. As a result the pillared Zr 4+ ion was getting more little and DRS absorbance peak decreased [12] .
The image of absorbance increase of DRS in Fig. 2 shows that the precursor of ethylene glycol has higher absorbance than that of glycerol. This means that ethylene glycol is able to break down Zr-tetramer complex [Zr4(OH)14(H2O)10] 2+ . While ethylene glycol also facilitates the pillarization process of Zr 4+ ion by replacing [19] .
Furthermore, the pillarization technique, though it has experienced drying treatment at 110 °C, but it has a lot of content of small water and precursor and ZrO2 found between interlayers was less orderly organized. Therefore, it was urgently so organize that Zr as interlayer pillar would be more perpendicular which meant that the new material of ZrO2-montmorillonite to be more porous [20] .
In Fig. 3 , it can be shown that the calcination process in ZrO2-montmorillonite would result in a wavelength shift from 150 nm to 300 nm by comparing Fig. 2 and 3 . This means that the ZrO2 molecule in the montmorillonite lattice has been orderly better organized. Calcination would result in a loss of both water content as well as a precursor and a ZrO2 molecule to be a pillar between the montmorillonite layers. The authors agree with LI Xiaoyun [21] that the consequences of the calcining process the material become more porous and the functional groups increases. In Fig. 3 , it was seen the existence of an anomaly at a temperature of 800 °C the absorbance value decreases. This means that calcination will be maximum at the temperature of 600 °C, while at 800 °C the interlayer structure was predicted to be damaged.
In Fig. 4 , it can be shown that the TEM image from the calcination effect of ZrO2-montmorillonite at 600 °C. It can be shown that before calcination (A) has a darklooking surface image and its porosity was unrealistic. While the TEM image after calcination at temperature of 600 °C appears clear and was more porous than that of 400 °C [22] .
Next, the surface area per gram sample of the calcined product (Fig. 3) was further calculated by using BET method (Brunauer-Emmett-Teller) as follows [23] : The result of the measurement of the BET sample as a function of the calcination temperature can be shown in Fig. 5 . It turns out that the plot curve between plot 1/[W(P/P0)-1] versus P/P0 resulted three curves which were linear enough with all of those three correlation coefficient (r) were around 0.9980. On the measurement of surface area and specific surface area BET results as a function of calcination temperature turns out the best value was achieved at calcination of 600 °C. This sense was supported by data that the TEM image was more porous (Fig. 4) at the calcination of 600 °C than that of 400 °C. In the following Fig. 6 the comparison of porous distribution between calcination products based on pore area versus radius by BET data method. In Fig. 6 it can be shown that the calcined sample at 600 °C was more likely porous in its meso pore region (< 50 nm) than that of the calcined sample at 400 °C. It is probably that the calcination sample at 600 °C was estimated to be more compacted, because Zr atoms would be more evenly pillarized.
Furthermore, the success of the pillarization technique was also characterized by the number of -OH stretching in the pillar group, as shown in Fig. 4 in which the detection of the -OH stretching functional group by using FTIR [16] .
In Fig. 7 , it was shown that the identification of the quality types were in the area of 3500-500 cm -1 . It turns out that two peaks are OH-stretching areas which are hydroxyl of the silanol group (ΞSi-OH) especially in the areas contained in the external layer. While in 3626 cm -1 can be interpreted as an ΞAl-OH group within the octahedral layer structure. This phenomenon answers the anomaly of why calcination at 800 °C, the DRS absorbance image decreases (Fig. 3) . At the calcination of 800 °C, there was one peak in the area 3500-3740 cm -1 or precisely at 3740 cm -1 and there was no peak at 3650 cm -1 . This indicates that most of the cluster of ΞAl-OH group on the interlayer suffered structural damage and resulted in a decrease in DRS absorbance and intensity of XRD.
While the stretching vibration of the water was identified as the -OH peak at 3425 cm -1 . The occurrence of the pillarization process caused by calcination could be identified as the number of -OH groups. The next peak around 1636 cm -1 was the vibrational bond of water. The pillarization process which places a large amount of Zr on the interlayer would be hydrate-shaped which will decrease the intensity 
CONCLUSION
The new ZrO2-montmorillonite material from the local ZOC PSTA with Na-montmorillonite could be made through the pillarization process. The success of pillarization was determined by the image quality of the increase of absorbance of the UV-Vis DRS and of intensity at 5 angle 2θ of XRD. The best result of pillarization was obtained at Zr concentration of 0.2 M. The best precursor used was ethylene glycol with colddrying process. The best calcining process at temperature of 600 °C with the absorbance value reached 1.3 au. The results of TEM and BET image observation after the calcination at temperature of 600 °C, appeared clearer and more porous and have the specific surface area of 105 m 2 /g. Obviously the result of interpretation using FTIR on ZrO2-montmorillonite contains the cluster of ΞSi-OH, ΞAl-OH and ΞSi-O functional groups as pillar groups.
